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ABSTRACT: 

PURPOSE: To obtain a metal powder composite sintered unit 
which is suitable for 

a rotor by a method wherein a composite die is so 
constructed as to have 

through-holes which are kneaded material flow paths and 
have slit-type spaces 

with which a second extruder is linked in order to extrude 
a composite kneaded 
unit . 

CONSTITUTION: A plurality of through-holes 2 of which 
kneaded material flow 
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paths are composed are formed by thin tube-type outer walls 
7 in a composite 

die 1* The kneaded material supplied from the rear is 
molded so as to have the 

shapes of the cross-sections of the through-holes 2 and 
extruded forward. On 

the other hand, if the other kneaded material is supplied 
to the outer 

circumferential part of the composite die 1, the slit-type 
spaces 3 defined by 

the outer walls 7 of the through-holes 2 and mandrels 4 are 
filled with the 

kneaded material which is molded so as to have the shapes 
of the cross-sections 

of the slit-type spaces 3 and extruded forward. If both 
kneaded material 

extruded units are made to pass through the composite die 
1, as the thin outer 

walls 7 by which the through-holes 2 and the slit-type 
spaces 3 are separated 

from each other do not exist outside the composite die 1, a 
composite unit is 

formed. With this constitution, a rotor having a complex 
shape can be obtained 

easily as a metal powder composite sintered unit by 
integral extrusion . 
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(54) [Title of the Invention] /l* 

Metal Powder Composite Sintered Component, Metal Powder Extruder for Metal 
Powder Composite Material, and Method for Extrusion Molding of Metal Powder 
Composite Material 

[Claims] /2 

[Claim 1] A metal powder composite sintered component characterized 
by having lamellar or radial heterogeneous metallic or heterogeneous alloy 
composite regions at the cross section and extending from the outer 
circumferential part to the interior, and the aforesaid composite- regions 
are directed continuously perpendicular to the cross sections. 

[Claim 2] The metal powder composite sintered component of Claim 
1 characterized by the composite regions being linked in arc shapes at 
a cross section to the convergent regions adjoining each other so that 
at least three convergent regions are formed. 

[Claim 3] The metal powder composite sintered component of Claim 
1 or 2 characterized by multiple layers of the composite regions being 
formed. 

[Claim 4] The metal powder composite sintered component of any of 
Claim 1 to 3 characterized by a nonmagnetic region being formed in either 
a composite region or a different region and a magnetic region being formed 
in the other region* 

[Claim 5] An extrusion molding device for a metal powder composite 
material characterized by being equipped with a 1 st extruder for extruding 
a kneaded unit comprising a metal powder and a binder and a 2 nd extruder 
for extruding a kneaded unit for compositing that is different from the 

* Number in the margin indicates pagination in the foreign text, 
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aforesaid kneaded unit; the aforesaid composite die having through-holes 
composing a kneaded unit flow pass from the 1 st extruder and having continuous 
slit-shaped spaces that are downstream from the aforesaid through-holes; 
the aforesaid 2 nd extruder being consolidated with said slit-shaped spaces ; 
and the aforesaid composite kneaded unit being extruded between the aforesaid 
slit-shaped spaces. 

[Claim 6] The extrusion molding device for a metal sintered composite 
material of Claim 5 characterized by the slit-shaped spaces being linked 
in arc shapes toward adjacent convergent regions so that at least three 
convergent regions are formed at the outer circumferential part of the 
aforesaid composite die when viewed from the downstream side of the 
thrpugh-holes . 

[Claim 7] The extrusion molding device for a metal powder composite 
material of Claim 5 or 6 characterized by multiple layers of the slit-shaped 
spaces being formed. 

[Claim 8] The extrusion molding device for a metal sintered composite 
material of any of Claims 5 to 7 characterized by a crimping die having 
a diameter smaller than the diameter of the opening of said composite 
die being equipped on the downstream side of the composite die. 

[Claim 9] A method for extrusion molding of a metal powder composite 
material characterized by extruding a kneaded unit comprising a metal 
powder and a binder toward the through-holes of a composite die, extruding 
a composite kneaded unit that is different from the aforesaid kneaded 
unit through the slit-shaped spaces linking the outer circumferential 
part of the aforesaid composite die to the interior, and compositing the. 
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aforesaid compositing kneaded units into slit shapes. 

[Claim 10] The method for extrusion molding of a metal powder composite 
material of Claim 9 characterized by molding a composite comprising a 
nonmagnetic metal powder and a magnetic metal powder. 
[Detailed Specifications] 

[0001] [Field of Industrial Application] 

The present invention relates to a metal powder composite sintered 
component, an extrusion molding device suitable for its manufacture, and 
a method for extrusion molding wherein different kinds of metal or alloy 
powders are composited and sintered in one or more layers. 
[0002] [Prior Art] 

Methods for obtaining composite materials are generally performed 
by means of powder metallurgy methods in which composite materials are 
obtained in extrusion molding methods and by hot isostatic or hot pressing. 

A method of manufacture in which a 2 -layer composite molding is obtained 
by using two extruders after which it is sintered to obtain a sintered 
compact is known for a method for obtaining a composite material in an 
extrusion molding method, as seen in the publication of Tokkai No . 5-208405 . 
A method in which a composite material is obtained by charging a cylindrical 
can with a tool quality powder and a reinforcing material, which is 
subsequently extruded at a high temperature is disclosed in the publication 
of Tokkai No. 49-22316. Moreover, a method in which a powder is consolidated 
using a hot isostatic press to obtain a composite material is disclosed 
in the publication of Tokkai No. 57-98602, a method in which a metal is 
consolidated using a hot press to obtain a composite material is disclosed 
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in the publication of Tokkai No . 51-76109. Of these methods, the method 
in Tokkai No. 5-208405, in which the aforementioned metal power extruder 
is used, is advantageous and effective because a long composite molding 
can be obtained easily, or cutting and rough machining can be performed 
easily if the molding is soft. 

[0003] [Problems to be Solved by the Invention] 

There is a need for compositing of metal materials in a wide number 
of industrial fields. For example, it is necessary to dispose a Co alloy 
or the like having high wear resistance on the surface using a screw or 
the like which moves while mixing or kneading ceramic powders , metal powders , 
resins, etc. with the rotation of its screw threads and dispose a highly 
tenacious alloy tool steel or the like therein. In this case, in the 
past a means using a surface treatment, such as build-up welding, was 
primarily employed for this, which took man-hours. Moreover, compositing 
is required for the purpose of improving the performance and reducing 
the material cost of punching or the like to cut the outside edges. In 
addition, the need for techniques for compositing electrically and 
magnetically different materials andnew composite materials is particularly 
high in the electrical industrial fields. An example thereof is explained 
next . 

[0004] In the fields of dynamos and motors, synchronous dynamos or 
motors have been used recently. For example, according to IEE Japan 2 0 02 
General Assembly Abstracts , 529-3 0, a permanent magnet embedded- type rotor 
in which a permanent magnet 21 having the cross section shown in Figure 
6 is embedded in a core material composed of a magnetic substance 19 and 
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a nonmagnetic material 20, or a reactance- type rotor having a composite 
structure utilizing the magnetic resistance effects shown in Fig. 7 without 
needing a magnet and containing a nonmagnetic material 20 layer and a 
magnetic substance 19 is known for a synchronous motor. It is known that 
synchronous motors having the rotors shown in Figs. 6 and 7 do not need 
brushes or step rings, and they are superior in maintenance and 
controllability. 

[0005] Of these synchronous motors, it "is necessary to make the /3 
permanent magnetic embedded- type rotor shown in Fig . 6 a composite structure 
in which the nonmagnetic layer is formed between adjacent permanent, magnets 
in order to allow the magnetic flux to leak highly efficiently. Moreover, 
it is effective to make the reactance-type rotor a composite structure 
in which a layer of the nonmagnetic material 20, such as aluminum, linked 
in arc shapes toward convergent regions adjoining each other are formed 
so that at least three convergent regions are formed at the outer 
circumferential part, as shown in Fig. 7, in order to form anisotropic 
magnetic resistance, as described in Tokkai No. 6-311677. 

[0006] Even though the rotors of synchronous motors require composite 
structures, there are problems in the method in which a composite layer 
is obtained by mechanically fixing it as a separate component, as described 
in Tokkai No. 6-311677, because the manufacturing process is complicated. 
Since the cross section in the longitudinal direction is nearly the same 
among rotors for motors , the inventors of the present invention investigated 
the applications of methods of manufacture in which a sintered compact 
is obtained by obtaining the 2-layer composite molding by using two extruders 
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and subsequently sintering it in the aforementioned publication of Tokkai 
No. 5-2 0 8405, However, only a 2 -layer composite component in which single 
flat plates were superpositioned was obtained by using the aforementioned 
extrusion mold device and it could not be used in the manufacture of the 
aforementioned rotors. The object of the present invention is to propose 
a new extrusion molding device for a metal powder composite material able 
to be applied to the manufacture of the aforementioned rotors, and a method 
for extrusion molding of a metal powder composite material, and at the 
same time, obtain a suitable metal powder composite sintered component 
for the aforementioned rotors . 
[0 007] [Means for Solving the Problems] 

The manufacture of a composite material having a simple concentric 
cross section and a composite material for a simple plate laminate by 
a powder metallurgy method have been known, as mentioned above. However, 
for the rotors for synchronous motors, as mentioned above, and the like, 
it is necessary to form a lamellar or radial composite layer extending 
from the outer circumferential part to the interior as seen along the 
cross section. The inventors of the present invention performed research 
in order to satisfy the requirements for compositing a complicated 
combination, depending on the shape. And so they discovered a new method 
for molding a kneaded unit comprising a metal powder and binder into a 
predetermined cross section by passing it through the through-holes provided 
in a composite die used in extrusion molding methods, and at the same 
time, introducing a kneaded unit for compositing from the outer 
circumferential part of the composite die, i.e; , the flank of the composite 
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die, and molding the kneaded unit for compositing simultaneously through 
the slit-shaped spaces having a predetermined cross section and linked 
downstream from the aforesaid through-holes. 

[0008] The kneaded unit molded into a predetermined shape through 
the through-holes and the kneaded unit for compositing molded into a 
predetermined shape through the slit-shaped spaces are extruded 
simultaneously by the composite die, enabling a composite molding to be 
obtained through the outlet of the composite die. The kneaded unit for 
compositing is supplied through the aforementioned slit-shaped spaces 
directed from the outer circumferential part to the interior of the composite 
die. Therefore, it is possible to obtain a continuous composite layer 
from the outer circumferential part to the interior. 

[0009] That is, the extrusionmolding device for ametal powder composite 
material of the present invention is equipped with a 1 st extruder for extruding 
a kneaded unit comprising a metal powder and a binder and a 2 nd extruder 
for extruding a kneaded unit for compositing that is different from the 
aforesaid kneaded unit; the aforesaid composite die has through-holes 
composing a kneaded unit flow pass from the 1 st extruder and continuous 
slit-shaped spaces that are downstream from the aforesaid through-holes; 
the aforesaid 2 nd extruder is consolidated with said slit-shaped spaces; 
and the aforesaid composite kneaded unit is extruded between the aforesaid 
slit-shaped spaces . 

[0010] For example, the structure shown in Fig. 2 can be used for 
the composite die of the present invention. Figure 2(a) is a side view 
showing an example of the composite die of the present invention and Figure 
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2(b) is an A-A cross section thereof. In Fig. 2(b), the kneaded unit 
(1 st kneaded unit) introduced from the back, as seen in the drawing, is 
molded into the shape of the cross section of the through-holes 2 and 
extruded through the through-holes 2. Meanwhile, if the kneaded unit 
for compositing (2 nd kneaded unit 10) is supplied to the outer circumferential 
part of the die 1 for compositing, the slit-shaped space 3 defined by 
the outer walls 7 of the through-holes 2 and a mandrel 4 shown by the 
dashed line in Fig. 2 is filled with the kneaded unit for compositing, 
which is extruded forward, as seen in the drawing, as it is molded into 
the cross-sectional shape of the slit-shaped spaces 3. The thin outer 
walls 7 partitioning the through-holes 2 and the slit-shaped spaces 3 
are removed as the kneaded units pass through the composite die and the 
composite shown in Fig, 1 is obtained. 

[0011] Moreover, in the present invention, the slit-shaped spaces 
3 can be linked in arc shapes toward the convergent regions adjoining 
each other so that at least three convergent regions 8 are formed at the 
outer circumferential part of the aforesaid composite die, as seen from 
the downstream side of the through-holes. The composite die 1 forming 
these slit-shaped spaces 3 may have the structure of the composite die 
1 shown in Fig. 5, for example. Figure 5(a) is a side view showing an 
example of a composite die of the present invention and Fig. 5(b) is an 
A-A cross section thereof. In Fig. 5(b), the kneaded unit introduced 
from the rear, as seen in the drawing (1 st kneaded unit 9) , is molded into 
the shape of the cross sections of the through-hole 2 and extruded forward, 
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as seen in the drawing, through the through-holes 2. The through-holes 
2 are composed of a center through-hole 2a and an outer circumferential 
part through-hole 2b having an arc-shaped cross section, having been molded 
into these respective hole shapes. 

[0012] Meanwhile, if the kneaded unit for compositing (2 nd kneaded 
unit 10) is supplied to the outer circumferential part of the composite 
die 1, the kneaded unit for compositing is introduced through the slit-shaped 
spaces 3 from the outer wall 7 of the through-hole 2. These slit-shaped 
spaces are linked in arc shapes toward the convergent regions adjoining 
each other so that four convergent regions 8 are formed at the outer 
circumferential part of the composite die, and this is filled with the 
kneaded unit for compositing. Then, as the kneaded unit is molded into 
the cross-sectional shapes of the slit-shaped spaces , it is extruded forward, 
as seen in the drawing. Then, the thin outer walls 7 partitioning the 
through-holes 2 and the slit-shaped spaces 3 are removed as the kneaded 

unit passes through the composite die to become the composite shown in 
Fig. 4. 

[0 013] Not only the composites having the shapes shown in Figs. 1 
and 4, but the composites as seen in Figs. 8 and 9 also can be /_4 
obtained in the present invention, for example, since the slit-shaped 
spaces shouldbe continuous to the outer circumferential part of the composite 
die. Moreover, it is desirable that the device of the present invention 
be equipped with a crimping die having a smaller diameter than that of 
the opening of the composite die on the downstream side of the composite 
die to crimp the kneaded unit to the kneaded unit for compositing. 
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[0014] Moreover/ the method for molding the composite material of 
the present invention is a method performed by using the aforementioned 
molding device of the present invention, for example. A kneaded unit 
comprising a metal powder and a binder is extruded toward the through-holes 
of a composite die, a composite kneaded unit that is different from the 
aforesaid kneaded unit is extruded through the slit-shaped spaces linking 
the outer circumferential part of the aforesaid composite die to the interior , 
and the aforesaid compositing kneaded units are composited into slit shapes . 

[0015] By using this extrusion molding device for a metal powder 
sintered material of the present invention, the novel metal powder composite 
sintered component of the present invention having lamellar or radial 
heterogeneous metal or alloy composite regions whose cross sections extend 
from the outer circumferential part to the interior and the aforesaid 
composite regions are continuous in the direction perpendicular to the 
cross section may be obtained. 

[0016] Moreover, if a kneaded unit comprising a nonmagnetic metal 
powder and a kneaded unit comprising a magnetic metal powder are composited, 
with a nonmagnetic region being formed in either the composite region 
or the other region and a magnetic region being formed in the remaining 
region, a nonmagnetic layer can be formed, preventing formation of a magnetic 
circuit linking the interior to the outer circumferential part and preventing 
the magnetic flux from short circuiting. Moreover, it is preferable to 
link the composite regions in arc shapes toward convergent regions adjoining 
each other, as shown in Fig. 4, so that at least three convergent regions 
are formed at the outer circumferential part (four places in Fig. 4), 
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thus forming the composite regions in multiple layers. 
[0017] [Operation] 

A primary characterization of the metal powder composite sintered 
component of the present invention is that a component having lamellar 
or radial heterogeneous metallic or heterogeneous alloy composite regions 
at the cross section and extending from the outer circumferential part 
to the interior is obtained as metal powder sintered composite. That 
is, the present invention is a metal powder composite sintered compact. 

Since it can be manufactured as an integrated one at the point when the 
sintered molding is molded even without a mechanical compositing, it is 
possible to reduce the man-hours for manufacture substantially. 
Furthermore, it becomes integrated by sintering; hence, it does not peel 
or deform due to the inertial forces when it is used as a rotating member, 
such as a rotor for a motor, with high security. 

[0018] Moreover, a product with a long cross-sectional shape linked 
in arc shapes toward the convergent regions adjoining each other so that 
at least three convergent regions are formed at the outer circumferential 
part can be used as a rotor for a reactance motor utilizing magnetic resistance, 
for example, as shown in Fig. 4. The effect for reducing the number of 
components as well as the number of man-hours for manufacturing is more 
remarkable than with a conventional rotor having an extremely large number 
of components . 

[0019] Moreover, another primary characterization of the extrusion 
molding device of the present invention is forming slit-shaped spaces 
from the outer circumferential part to the center with respect to the 
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composite die as mentioned above. Due to the combined effect of the 
2 nd extruder with this slit-shaped space, the" kneaded unit extruded, from 
the 1 st extruder and the kneaded unit extruded from the 2 nd extruder are 
composited through the slit-shaped spaces using the 2 nd extruder. More 
specifically, it is possible to form sunken slit-shaped spaces between 
theouter circumferential part and the center of the die, e.g. , the slit-shaped 
spaces 3 shown in Fig. 2 by making the outer walls of the through-holes 
thin to deform or partition them. Moreover, in order to composite the 
kneaded unit from the 2 nd extruder by supplying it through the aforementioned 
slit-shaped spaces, it is necessary that those spaces be continuous 
downstream from the composite die. 

[0020] Moreover, it is possible to form the slit-shaped spaces so 
that, as shown in Fig. 4, three convergent regions (four in Fig. 4) are 
formed at the outer circumferential part of the aforesaid die as seen 
from the downstream side of the through-holes, and then partition the 
through-holes to form multiple layers of slit-shaped spaces. A composite 
capable of being obtained with the cross section shown in Fig. 6 or 7 
is effective as a rotor for a motor or the like if a kneaded unit containing 
a magnetic powder, such as Permalloy, is extruded through the through-holes 
and if a nonmagnetic powder, such as an austenite stainless steel powder, 
is extruded through the slit-shaped spaces. 

[0021] Moreover, in the present invention, it is desirable to crimp 
the 1 st kneaded unit that passed through the ' through-holes and the 2 nd 
kneaded unit that passed through the slit-shaped spaces sufficiently since 
the 1 st and 2 nd kneaded units are molded separately. This is because there 



13 



is the possibility that they will peel apart in the sintering step after 
the extrusion molding step if the crimping is inadequate. For example, 
by equipping a crimping die having a smaller diameter than that of the 
opening of the composite die on the downstream side of the composite die, 
it is possible to crimp the kneaded unit that passed through the through-holes 
to the material that passed through the slit-shaped spaces sufficiently. 

Specifically, it is preferable to satisfy the relationship D1>D2 between 
the opening diameter D2 of the crimping die 18 in Figure 3 of the extrusion 
molding device showing an example of the device of the present invention 
and the opening diameter Dl of the composite die 1, for example shown 
in Figure 2 . 

[0022] [Practical Examples] 

(Practical Example 1) 

Figure 2 is a drawing showing an example of the shape of the composite 
die 1 composing the principal part of the extrusion molding device for 
the metal powder composite material of the present invention, which is 
shown in Fig. 1, for obtaining the rotor core-shaped sintered compact 
for a magnet -embedded synchronous motor. Figure 2(a) is a side view of 
the composite die 1 and (b) is an A-A cross section of the composite die 
1. The plurality of through-holes 2 composing the flow path for the kneaded 
unit of 1 st metal powder and binder (called 1 st kneaded unit 9 below) of 
the composite die 1 are formed by the thin outer walls 7. In Fig. 2 (b) , . 
the kneaded unit introduced from the back, as seen in the drawing /5 
(1 kneaded unit 9), is molded into the shape of the cross section of 
the through-holes 2 and extruded forward, as seen in the drawing, through 
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the through-holes 2 . 

[0023] Meanwhile, the slit-shaped spaces 3 formed by the outer walls 
7 of the through-holes 2 and the mandrel 4 shown by the solid line in 
Fig. 2 are filled with the kneaded unit for compositing by supplying the 
kneaded unit for compositing (2 nd kneaded unit 10) into the outer 
circumferential part of the composite die 1, and it is extruded forward, 
as seen in the drawing, as it is molded into the cross-sectional shapes 
of the slit-shaped spaces 3. The thin outer walls 7 partitioning the 
through-holes 2 and the slit-shaped spaces 3 are removed after the kneaded 
units pass through the composite die to become the composite shown in 
Fig, 1. Moreover, in order to obtain a rotor for a magnet -embedded 
synchronous motor from the composite, it is necessary to form a hole 5 
for a magnet into which a magnet is inserted and a shaft hole 6 in the 
center for a shaft, which is used in combination with the mandrel 4 shown 
by the wavy line in Fig. 2. 

[0024] Figure 3 shows a specific example of the extrusion molding 
device for a metal powder composite material of the present invention 
in which the aforementioned composite die 1 shown in Fig. 2 is installed. 

The 1 st extruder 11 in Fig. 3 is a device for extruding the 1 st kneaded 
unit by using a cylinder 12 and a screw 13. The 1 st kneaded unit 9 is 
introduced into the through-hole 2 of the composite die 1 by way of a 
1 st introduction path 14. The 2 nd extruder 15 is the device for extruding 
the 2 nd kneaded unit 10 by using the cylinder 12 and screw 13. The 2 nd 
kneaded unit 10 is introduced into the slit-shaped space 3 of the composite 
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die 1 from the outer circumferential part of the composite die 1 by way 
of the 2 nd introduction path 16 formed on the outer circumferential part 
of the 1 st introduction path. As shown in Fig. 3, the mandrel 4 extending 
as far as the extrusion port 17 of the extrusion molding device is combined 
with the composite die 1 to enable formation of the hole 5 for a magnet 
and shaft hole 6 in the center for a shaft. The composite is molded as 
mentioned above using the composite die 1, after which it is crimped using 
the crimping die 18 having a smaller opening diameter than the composite 
die 1 provided in extrusion port 17 positioned on the downstream side 
of the composite die 1, and the molding step is completed. 

[0025] Specifically, extrusion molding was performed by using a 
Permalloy powder according to the criteria of JIS PC, which is a ferromagnetic , 
as the metal powder used for the 1 st kneaded unit, and using a nonmagnetic 
austenite powder according to the criteria of JIS SUS305 as the 2 nd kneaded 
unit, and using the device in Fig. 3. The opening diameter Dl of the 
die shown in Fig. 1, that is, the diameter of the circumscribed circle 
of the through-holes formed in the composite die 1 was set to 2 6 mm and 
the opening diameter D2 of the introduction path 14 was set to 2 0 mm. 
After the obtained molding was degreased, a composite sintered compact 
with a relative density of 96% and whose 4-layer nonmagnetic region extended 
from the outer circumferential part to the interior could be obtained 
shown in Figure 1 could be obtained upon sintering in a hydrogen atmosphere 
at 1,220°C* 
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[0026] (Practical Example 2) 

Figure 5 is a drawing showing an example of the shape of the composite 
die 1 composing the principle part of the extrusion molding device for 
the metal powder composite material of the present invention shown in 
Fig . 4 for obtaining a rotor core-shaped sintered compact of a reactance- type 
synchronous motor. Figure 5(a) is a side view of the composite die 1 
and (b) is an A-A cross section of the composite die 1. As explained 
in Fig. 5(b), the kneaded unit (1 st kneaded unit 9) introduced from the 
rear, as seen in the drawing, is molded into the shape of the cross- section 
of the through-holes 2 and is extruded forward, as seen in the drawing. 

The through-holes 2 are composed of the center through-hole 2a having 
a stellated cross section and the outer circumferential part through-hole 
2b # with the kneaded unit being molded into the respective hole shapes. 

[0 027] By supplying the kneaded unit for compositing (2 nd kneaded 
unit 10) into the outer circumferential part of the composite die 1, the 
linked arc-shaped slit-shaped spaces 3, which are formed from the outer 
walls 7 of the through-holes 2 and are directed toward the convergent 
regions adjoining each other so that four convergent regions 8 are formed, 
are filled with the kneaded unit for compositing. Then as this is molded 
into the cross-sectional shapes of the slit-shaped spaces, it is extruded 
forward, as seen in the drawing. Then, as it passes through the composite 
die, it becomes the composite shown in Fig* 4 by removing the outer walls 
7 partitioning the through-holes 2 and the slit-shaped spaces 3. That 
is, by simultaneously extruding the 1 st and 2 nd kneaded units through the 
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composite die 1, a composite with a laminate structure having an arc-shaped 
cross section required of rotor cores for reactance- type synchronous motor 
is formed. Moreover, in order to make the rotor core for a reactance-type 
synchronous motor from composite with the slit-shaped spaces shown in 
Fig. 4, it is necessary to form the shaft hole 6 in the center for a shaft, 
which was used in combination with the mandrel 4 shown by the wavy line 
in Fig . 2 . 

[0028] The extrusion molding device for a metal powder composite 
material used in a rotor core of the reactance-type synchronous motor 
shown in Fig. 5 was constituted in place of the composite die 1 shown 
in Fig. 5 merely by using the mandrel 4 in shaft hole 6 in the center 
of the extrusion molding device for the metal powder composite material 
shown in Fig. 3 of Practical Example 1. Specifically, extrusion molding 
was performed by Permalloy powder according to the criteria of J IS PC, 
which is a ferromagnetic as the metal powder used for the 1 st kneaded unit, 
and using a nonmagnetic austenite powder according to the criteria of 
JIS SUS3 05 as the 2 nd kneaded unit. The opening diameter Dl of the die 
shown in Fig. 1, that is, the diameter of the circumscribed circle of 
the through-holes formed in the composite die 1 was set to 2 6 mm, the 
opening diameter D2 of the introduction path 14 was set to 2 0 mm, and 
the thickness d of the laminated part was set to 1 mm. After the obtained 
molding was degreased, a composite sintered compact with a density of 
95% and shown in Fig. 4 could be obtained upon sintering in a hydrogen 
atmosphere at 1,22 0°C. 
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[0029] [Advantage of the Invention] 

According to the present invention, it is possible to obtain a component 
having a lamellar or radial heterogeneous metal or alloy extended from 
the outer circumferential part to the interior, for example, having a 
complicated cross -sectional shape using a combination of composite materials 
and continuously perpendicular to the cross section of this composite 
region from a metal powder composite sintered compact by way of a simple 
extrusion molding process. Therefore, it is possible to obtain various 
tools for which a hard layer needed to be formed deeply in the surface, 
and electromagnetic materials for rotors of synchronous motors and 
the like for which a magnetically or electrically complicated composite 
is demanded. Consequently, this is industrially more effective than a 
technique in which separate components are premanuf actured and then 
assembled mechanically, as in the past, because the number of components 

and the number of man-hours for manufacturing can be reduced. 
[Brief Explanation of the Drawings] 

[Figure 1] A drawing showing an example of the shape of the metal 

powder composite sintered component of the present invention. 

[Figure 2] A drawing showing an example of a composite die that is 

a principle part of the metal powder composite extrusion molding device 

of the present invention. 

[Figure 3] A drawing showing an example of the metal powder composite 
extrusion molding device of the present invention. 

[Figure 4] A drawing showing another example of a shape of the metal 
powder composite sintered component of the present invention. 
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[Figure 5] A drawing showing another example of a composite die that 
is a principle part of the metal powder composite extrusion molding device 
of the present invention. 

[Figure 6] A drawing for explaining a configuration of a rotor core 
of a magnet -embedded type synchronous motor. 

[Figure 7] A drawing for explaining a configuration of a rotor, core 
of a reactance-type synchronous motor. 

[Figure 8] A drawing showing another example of a shape of the metal 
powder sintered component of the present invention. 

[Figure 9] A drawing showing another example of a metal powder sintered 
component of the present invention. 
[Explanation of the Codes] 

1: composite die; 2: through-hole; 3: slit-shaped space; 4: mandrel; 
5; hole for magnet; 6: shaft hole; 7: outer wall; 8: convergent region; 
9: 1st kneaded unit; 10: 2 nd kneaded unit ; 11: 1 st extruder; 12: cylinder; 
13: screw; 14: 1 st introduction path; 15: 2 nd extruder; 16: 2 nd introduction 
path; 17: extrusion port; 18: crimping die; 19: magnetic substance; 20: 
nonmagnetic substance; 12: permanent magnet 
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